Background: Cytokines have been proposed as potentially useful diagnostic or prognostic markers of periodontal inflammation related alterations during the experimental gingivitis model. The role of ageing in periodontal disease needs further elucidation; therefore investigations of its influence on host response are needed.
INTRODUCTION
Periodontal pathogenesis has been extensively reviewed and it is well documented that the presence of microbial plaque results in an increased host immune-inflammatory response. Among the most prominent of these characteristics is the excessive production of inflammatory cytokines (e.g. interleukins, tumor necrosis factor-a). The inflammatory host response is nowadays accepted as the core aspect of periodontal disease [1] and these pro-inflammatory mediators are responsible for most of the periodontal breakdown occurring subclinically before the development of clinical symptoms. It is this response, rather than toxic products from putative periodontal pathogens, which is thought to be the direct cause of periodontal breakdown [1] . As a consequence, basic and clinical periodontal research have focused over the last decades on the host immune response to periodontal *Address correspondence to this author at the 30 Agias Sofias str. Thesaloniki, 54622, Greece; Tel: 00302310276276; Fax: 00302310999613; E-mail: tsalikis@dent.auth.gr micro-organisms. Additionally, it has been hypothesized that even more crucial than the levels of each inflammatory mediator in the periodontal tissues is the relative balance between pro-inflammatory and anti-inflammatory cytokines and enzymes [2] .
One model studied extensively in this context is the experimental gingivitis model. In this model, perfect oral cleanliness and gingival health is established first; then oral hygiene procedures are abandoned for a three week period, inducing gingivitis. The model, originally developed in the previous century by Loe et al. [3] has been employed by an increasing number of researchers to achieve a better understanding of the host's immune response to periodontal bacteria under certain conditions [4] Experimental gingivitis is thus a well-controlled and frequently-analyzed condition that has increased understanding of the host's response to undisturbed de novo plaque formation and accumulation [5] .
Among many inflammatory and immune mediators identified in gingival crevicular fluid (GCF), cytokines have attracted particular attention and are suspected of involvement in both inflammation-related alteration and repair of the periodontal tissues [4] . Certain cytokines have been proposed as potentially useful diagnostic or prognostic markers of periodontal destruction [4, 6] . For example, site-specific increases of IL-1 were observed in untreated periodontitis [7] and in experimental gingivitis models [8] . It has also been reported that old and young subjects with initially normal gingiva present similar levels of IL-1a and IL-1 . However, during a 3 week period without oral hygiene, both groups developed increased levels of IL-1a, whereas IL-1 levels increased only in the old adult group indicating that there are differences between the inflammatory responses in young and old adult individuals [9] . Treatment of periodontitis resulted in a dramatic local decrease of IL-1 , suggesting that this molecule is crucial in periodontal tissue destruction [10, 11] .
Tumor necrosis factor-a, TNF-a, is a critical cytokine in the inflammatory response to infection [12] . Any genetic variability in the production of TNF-a after an infectious stimulus could have a significant impact on the degree of the inflammatory response and influence the clinical outcome [13] . TNF-a is a pleiotropic pro-inflammatory cytokine. A lot of organs are affected by the action of TNF-a; it conducts the neutrophils activation to inflammation but is also linked with their recession when it binds to the receptor TNF-R55 [14] , TNF-a is produced by several cell types but primarily by the monocytes/macrophages; it affects lipid metabolism, relates to insulin resistance, blood coagulation, and endothelial activity. Low levels of TNF-a seem to be related to the preservation of homeostasis and to the remodeling/healing of damaged tissue through the activation and formation of fibroblasts [15] .
Inteurleukin-6, (IL-6) is a pro-inflammatory cytokine, exuded by T-cells and macrophages during immune response. Secretion of IL-6 is also observed from osteoblasts during their formation. It is one of the main mediators during acute immune response [16, 17] . The levels of IL-6 increase as the disease spreads. IL-6 activates the liver cells to produce CRP [16] , while participating in bone resorption. The production of IL-6 activates osteoclast formation, facilitates bone resorption and T-cell differentiation [16] [17] [18] .
Finally, Interleukin-8, (IL-8), has attracted particular interest because of its crucial role in the selective recruitment and activation of neutrophils [19, 20] and in routing them to the gingival sulcus. Both the concentration and total amount of IL-8 in GCF have been reported to correlate with the degree of inflammation [21] [22] [23] .
Although many studies have worked on the roles of several inflammatory and immune mediators, especially of cytokines, only a few have investigated the involvement of predisposing factors in this immune response [9, 23, 24] . The factors controlled or measured and analyzed in these studies were: gender, smoking status, age and chronic gingivitis level [24] . To further elucidate the role of ageing in periodontal disease, investigations of its influence on host response are needed [9] .
The aim of the present study was to investigate the effect of age on interleukins IL -6, IL-8 and TNF-a levels in gingival crevicular fluid (GCF) and their correlations to clinical parameters during experimental gingivitis. Clinical signs of gingivitis (gingival index and plaque index), gingival crevicular fluid volume and pro-inflammatory cytokines (TNF-a, IL-6 and IL-8) in gingival crevicular fluid were assessed at baseline through a period of 4 weeks including inflammation (Day 21) and recovery phase (Day28). The null hypothesis has been that age does not affect the above-mentioned parameters.
MATERIALS AND METHODS

Experimental Design and Study Population
The overall experimental design has been detailed previously [9] . The study was planned as a pilot trial. Five young adults (3 males and 2 females 20-22years old) and five old adults (3 males and 2 females 61-65 years old) clinically healthy non-smoking Caucasians were recruited for the study. Written informed consent was provided by all participants. The study design was approved by the local ethics committee and was deemed to conform to the guidelines issued in the Helsinki Declaration.
Each Volunteer Had to Fulfil the Following Criteria Be in good general health, not to have been exposed to antibiotic treatment in the previous 6 months, not to have been exposed to anti-inflammatory drugs therapy during previous month, have a healthy periodontium with no evidence of radiographic bone loss, presence of at least 20 teeth, attachment loss < 3mm, bleeding on probing <10 %, plaque index <20%.
Exclusion criteria -applied either due to potential risks for the subjects during the experimental gingivitis period, or due to potential impacts on gingival health -were diseases of the immune system as well as known infections of any kind: diabetes; psychiatric diseases; drug abuse; nicotine consumption of more than five cigarettes per day; pregnancy; current orthodontic or dental treatments; untreated caries; defect fillings; inadequate dental restoration; probing depths above 3 mm; major periodontal recessions (>2mm and Miller, II, III and IV); regular use of calcium antagonists; anti-convulsants; immuno-stimulants or immunosuppressives prior to the study and any use of these substances from 1 week prior to the study until the end of the study; bleeding on probing at more than one site of intended measurement at the beginning of the study.
Six sites were selected in each patient for monitoring during the experimental gingivitis process, in particular the mesiobuccal sites of the Ramfjord teeth [16, 21, 24, 36, 41, 44] . A plaque control program, including prophylactic intervention, was undertaken prior to the start of the study: plaque and calculus was removed by using hand instruments, ultrasonic and polishing; all participants were instructed in how to maintain perfect oral hygiene so as to ensure gingival health at baseline (Day 0). At day 0, Plaque Index (Loe and Silness, 1963) [25] , Gingival Index (Silness and Loe, 1964) [26] and GCF volume were assessed. After this, the participants were asked to refrain from any oral hygiene procedures for a period of three weeks. The patients were examined weekly to control compliance with this instruction and to observe if any visual signs of gingivitis, including redness and swelling had appeared. At Day 21, the same parameters were recorded. Thereafter the patients received a professionally performed prophylaxis and were asked to carry out oral hygiene procedures properly. One week later (Day 28) the patients were re-examined.
For the PI and GI scores full mouth records were obtained. The same examiner, who has been previously calibrated, undertook all clinical measurements. In order to determine the intraexaminer repeatability, two volunteers (one for each group) were clinically examined and the measurements were reassessed 60 minutes after the initial examination. The Kappa value was found to be 0.91 for the Pl.I and 0.89 for the G.I. measurements. The gingival crevicular fluid collection was always performed prior to the clinical assessments and full mouth PLI and GI scores were obtained. The samples were obtained from the mesiobuccal sites of the Ramfjord teeth [16, 21, 24, 36, 41, 44] . Each site under study was isolated with cotton rolls and gently dried with a moisture free stream of air. Paper strips (Periopaper, Harco Electronics, CA) were inserted in the gingival crevice mesialbuccally for 30 sec. The GCF volume was determined by positioning the strips between the upper and the lower counterparts of the pre-calibrated Periotron 6000 (Oraflow). This instrument expresses GCF volume in IU linearly within the 0.0-1.5 μl range [27] . Strips visibly contaminated by bleeding were discarded. In that case the sample was retaken after 60 minutes. The paper strips were then placed in labelled test tubes containing 150 μl PBST, frozen within 10 minutes and stored at -70˚C until dispatch to Hippocrates General Hospital of Thessaloniki for further processing. The Micro-Elisa method (R& D) was used for measuring cytokines levels. All samples and standards were assayed in duplicate and the mean values at each time point were used to plot the respective graphs. Optical densities were determined using a reader with a 450 nm filter (450 nm is the usual primary wavelength, use of a reference filter at 600-650 nm is recommended if it is available). The IL-6, IL-8 and TNF-a levels were quantified using ELISA kits. Positive control samples confirmed the validity of each assay procedure and, using point/point paper liberalized standard curves and regression analysis, were applied to the point transformation. Thirty samples for every group at each time -point (a total of 180 samples) were analyzed for identification of TNF-a, IL-6 and IL-8.
STATISTICAL ANALYSIS
The available data were summarized using statistical descriptive indices of central tendency and dispersion (means, medians and std. deviations). A series of Non-Parametric tests was applied for hypothesis testing and statistical comparisons. More specifically the Mann-Whitney and the Wilcoxon tests were used in order to study differences between independent and paired samples respectively. The association between the studied parameters was assessed by means of the Pearson correlation coefficient. In all hypotheses, testing the observed significance level (p-value) was estimated using the Exact estimation method [28] . The aim of this method is to enable the researchers to make reliable inferences when the available data are small, sparse, heavily tied, or unbalanced and the validity of the usual assumptions (randomness of the sample and independence of observations) underlying the corresponding tests are not satisfied [29] . The significance level of all statistical hypothesis testing procedures was preset at 0.05. All the statistical analyses were performed using the SPSS ver. 15.0 statistical package (SPSS Inc, Chicago, IL, USA) enhanced with the modules Exact Tests.
The site and not the patient has been the analysis unit. Therefore the study includes 30 sites per group and a total of 360 samples have been analysed. Many studies have looked at the association between total amount or concentration levels of different constituents of GCF and periodontal health status. Since host response is a critical determinant in periodontal disease pathogenesis, the measure of inflammatory mediator levels in the GCF has been used to evaluate 'risk': risk for a tooth, or more precisely a site, to lose clinical attachment and alveolar bone, or risk for an individual to develop periodontal disease [30] .
RESULTS
G.I., P.I., and G.C.F. Alterations
All participants completed the four-week trial. The changes in the clinical signs of inflammation were obvious and the alterations in G.I., P.I. and GCF volume are presented in Table 1 . The motivation and oral hygiene instruction of the participants undertaken during the pre -study period ensured that absence of plaque and bleeding were achieved at baseline in all test sites. In other words, at the start of the experimental period both groups had almost identical and comparatively low levels of gingivitis and plaque formation. Both the PI and GI increased in all patients between Days 0 and 21 and returned to baseline values by Day 28.The old group showed higher levels of bleeding and plaque scores at Day 21 (G.I. 1,966,P.I. 2,036) and Day 28 (G.I. 0,262, P.I. 0,162) which reached to be statistically significant at Day 21 and Day 28 for G.I., at Day 21 for P.I., ( Table 1) .
In all patients, a significant increase in GCF volume was induced by non-brushing compared with Day 0. Samples collected at Day 28 demonstrated a significant decrease compared with Day 21. Although a significant reduction in gingival crevicular fluid volume occurred after the reestablishment of oral hygiene, at Day 28 the GCF volume was still significantly elevated compared with the baseline for the old group.
Cytokine Levels Changes
All data concerning levels of TNF-a, IL-6, IL-8 during the whole study period are presented in Table 2 .
With respect to TNF-a, although at Day 0 the TNF-a levels were approximately the same(4,69 for the young group, 4,52 for the old), significant group differences were observed during the experimental gingivitis and recovery phase; mean concentration in the young group were lower than those of the old group at Day 21 (3,84 vs 7,56)and Day 28 (5,4 vs 9,5) (Fig. 1) .
With respect to IL -6 the fluctuations between groups were opposite at each time point (Fig. 2) . There was a decline at Day 21 (3, 91) and then an increase (5,0) for the old adults and, contrariwise for the young group, there was an increase at Day 21(5,99) and a decline at Day 28(2,69) and these differences both found to be statistically significant.
An interesting group difference was also observed for IL -8 (Fig. 3) , where there was a steady increase for the old group during the whole 4wk period (10,47 11,78 12,24) and for the young group there was a slight increase from Day 0 to Day 21(from 12,88 to 12,50) and a 40% decline from Day 21 to Day 28 (from 12,5 to 7,25). Mean concentrations in the old group were lower than that of the young group at Days 0 and 21, without being statistically significantly so, and higher at Day 28 which was found to be significant.
Effects of Time on Clinical and Immune Parameters Within the Groups
To assess whether parametrical means varied over time, repeated measures analysis of variance over the 4wk study period were computed for the young and old groups respectively.
Within the young group, significant effects of time were observed for sites of bleeding, plaque scores and GCF volume at each time point. With respect to cytokine levels there were significant differences between Days 0 and 21 concern- No time effects were observed regarding young subjects for: TNF-a at each time point, IL -6 over the whole 4wk period, and for IL -8 between Days 0 and 21 (Figs. 1-3) .
Within the old group, significant effects of time were observed for sites of bleeding, plaque scores, and GCF volume at each time point, for TNF-a between Days 0 and 21, and for IL -6 between Days 21 and 28.
No time effects were observed regarding old subjects for IL -8 at each time point, for IL -6 during the whole 4wk period and for TNF -a and IL -6 between Days 0 and 21 ( Figs.  1-3) .
Cytokine Correlations Within Groups
The hypothesis that presence of one cytokine may influence the levels of the others was also investigated and the results are presented in Figs. (4-11) . In all cases, the best fitting curve (red dotted line) was plotted by means of the Loess method [31] for 90% of points to fit.
At Day 0 a moderately strong correlation was observed between IL -8 and IL -6 for the old group (r=0.359, p=0.05) (Fig. 4) and a strong one concerning the young group (r=0.580, p=0.001) (Fig. 5) . At Day 21 a strong correlation between TNF-a, and IL-6 (r=0.489, p=0.006) (Fig. 6) and a moderate corellation between TNF-a and IL-8 (r=0.359, p=0.05) was observed for the young group (Fig. 8) , and a strong correlation between IL-6, and IL-8 ( Fig. 7) (r=0.803, p<0.001) concerning the old group (figure). After recovery at Day 28 TNF-a and IL-6 (r=0.713, p<0.001) showed a strong correlation (Fig. 9) as did TNF-a and IL-8 ( Fig. 10) (r=0.649, p<0.001) for the old group. However the young group showed for TNF-a and IL-8 a negative moderate to strong correlation (r=0.439, p=0.015) (Fig. 11) .
DISCUSSION
The present study compared the clinical parameters and the levels of IL-6, IL -8 and TNF-a in gingival crevicular fluid during 4weeks of experimental gingivitis between young and old subjects .The results indicate that there are differences between the inflammatory responses in young and adult individuals during the course of experimental gingivitis, with old volunteers developing more gingivitis than the younger ones. This was documented by both clinical measurements and GCF volume determinations. The more pronounced deposition of microbial plaque in the old group, especially at the end of study period, could be attributed to the occurence of recession or abrasions, that favor the deposition of microbial plaque [32] . These findings corroborate clinical data previously reported by Holm-Pedersen et al. (1975) , and Fransson et al. (1996) [33, 34] in human trials and Berglundh and Lindhe (1993) [35] from an animal model. They reported that the normal gingiva of groups of young adults had many features in common with those of old group of adults, but that gingival lesions resulting from abolishing oral hygiene for three weeks were significantly larger in subjects from the old group. On the other hand, Winkel et al. (1987) [36] presented data indicating an absence of differences in inflammatory response between the two study groups. Nevertheless, the age variation in the latter experiment was only 20 years [36] , relatively low when compared to the previously mentioned studies [33, 34] and also ours (40 years).
The results of the present study confirm previous findings [3, 37, 38] and clearly demonstrate that when oral hygiene procedures are interrupted, an increase in plaque accumulation and the establishment of clinically relevant mucosal inflammation occurs. A relationship between GCF and gingival inflammation has been reported previously [39, 40] . 
Fig. (4). Scatter plot presenting the correlation between IL-8 and IL-6 at day 0 for the old group (adults).
Fig. (5).
Scatter plot presenting the correlation between IL-8 and IL-6 at day 0 for the young group. Fig. (9) . Scatter plot presenting the correlation between IL-6 and TNF-a at day 28 for the old group (adults). Fig. (11) . Scatter plot presenting the correlation between IL-8 and TNF-a at day 28 for the young group. In this study, all patients showed a significant increase in GCF volume after 21 days of no oral hygiene. After oral care was resumed, this volume decreased significantly. Although a significant reduction in volume occurred after the reestablishment of oral hygiene, at day 28, the GCF volume was still significantly elevated compared with the baseline for the old group.
As expected from results of earlier studies, considerable fluctuations with respect to cytokines level were observed during the experimental gingivitis process in this research. Most of the subjects exhibited measurable TNFa levels and the mean concentrations at baseline were approximately the same for the two groups.
No significant changes in the overall amount of cytokines was evident between healthy, pathological and recovery (Day 0, Day 21 and Day 28 respectively) values for the young group. This finding replicates findings of previous studies [41] . On the other hand, the old group showed a steady increase during the 4wk period in TNF-a levels, which is hard to explain in terms of previous findings since there have not been other studies investigating the effect of age on TNF-a values during an experimental clinical trial. The authors previously investigated the levels of IL-1a, IL1b in young and old adults using the experimental gingivitis model [9] It was found that old adults had higher levels of IL-1b.
IL-8 seemed to stabilize after slightly increased concentrations at the first measurement for the old group, while, on the contrary, the young group showed a marked decrease from Day 21 to Day 28. In the Zhang et al. (2002) [42] study, which analyzed the experimental gingivitis effects on crevicular IL-8 concentrations, a 60% decline of IL -8 was found from Day 0 to Day 3. Probably plaque, per se, may induce an IL-8 reduction. A more recent study [1] compared cytokine concentrations (IL-1b, IL-8) between experimental and persistent gingivitis conditions. The experimental gingivitis subjects showed lower IL-8 concentrations than subjects with persistent gingivitis. It must be noted that the sample of this study was drawn from University students and therefore strongly resembles the characteristics of the young group in the present study. In an vitro study in human gingival fibroblasts, less IL-8 was produced when cultured together with capsula polysaccharide of Aggecatibacter actinomycetemcomitans [43] . Finally, a reduction in IL-8 has caused recent speculation about its importance as a pathogenic factor in chronic inflammatory diseases such as helicobacter-associated duodenal ulcer [44] and Crohn's disease [45] .
With respect to IL-6 the old group showed a decrease at Day 21 compared to baseline but the changes during the whole 4wk period failed to be statistically significant. On the other hand the young group presented a markedly decrease in IL-6 mean concentrations at Day 28 compared to Days 0 and 21.
Gingivitis and the other periodontal diseases are viewed today as multifactorial pathogenic entities that are initiated and sustained by bacteria but significantly modified by the host's response to bacterial plaque. The factors that were controlled or measured and analyzed were: gender, smoking status, age and chronic gingivitis level. The results add support to the hypothesis that male subjects show less variation, however there is limited evidence linking the female menstrual cycles to variations in gingivitis status. Further research in this area is required before definitive conclusions can be made. However, although there is sufficient evidence to justify balancing for (or excluding) smokers from subject populations in experimental gingivitis studies, this could not be documented for the age factor [46] .
Age related changes in proliferative activity in human gingival epithelium remain unclear. Nuclear proliferating cell nuclear antigen (PCNA) immunoreactivity is found in the proliferative compartment of normal gingiva. CelenligilNazlien et al. (2000) [47] investigated the localization of PCNA, which is a nuclear protein associated with the cell cycle in oral gingival epithelium and defined the age-related changes as to the PCNA-proliferative index (PI) in inflamed as well as healthy gingiva. Additionally, the mitotic index (MI) was used as a conventional marker of cell proliferation, and the effect of aging upon the maximum epithelial thickness (MET) was determined. Biopsies were obtained both from healthy and inflamed gingiva from old and middle aged subjects. They concluded that PCNA expression in inflamed gingiva was higher in old subjects. Furthermore, a significant correlation was noted between aging and PCNA expression in inflamed gingiva. As no increase in mucosal epithelial thickness was determined despite increased proliferation, it was speculated that the duration of the PCNA+ phase in cell cycle might be longer in old subjects. PI in inflamed gingiva was significantly higher in the old group. However, no significant difference was observed between the study and control groups with respect to PI in healthy gingiva. When all the subjects taking part in the study were analyzed as a single group, PI in the inflamed gingival samples was found to increase with aging. Nevertheless, no age-related change was noted in MI and MET. In both groups, PI, MI, and MET were found to increase due to inflammation. Siegel et al. [48] investigated the expression of cyclooxygenase-1, cyclooxygenase-2, cyclooxygenase-3, and microsomal prostaglandin E synthase-1 in young and elderly subjects. They concluded that Cyclooxygenase-1 and microsomal prostaglandin E synthase-1 were expressed constitutionally in gingival tissue, and expression was unaffected by age or inflammation states. In contrast, the expression of cyclooxygenase-2 was weaker in elderly subjects. In the course of experimental gingivitis, cyclooxygenase-2 was induced in both age groups.
It is feasible that a concept such as the "susceptibility profile", described for other diseases [49] , may also pertain to both gingivitis and periodontitis, where several relatively common high-risk polymorphisms could be inherited by an individual, giving him a cumulative high-susceptibility profile. Tatakis et al. 2004 [50] identified two subpopulations characterized by significant differences in clinical parameters of plaque-induced gingival inflammation, despite similar amounts of plaque deposits and plaque accumulation rates. Studies on the possible genetic/age factors determining or modulating susceptibility to gingivitis are limited [51] [52] [53] [54] . It has been shown that children with Down's syndrome manifest more extensive and severe gingival inflammation at an earlier age than age-and gender-matched healthy controls, despite having no differences in plaque accumulation rates [52] . This study represents the only definitive report of a genetic condition associated with susceptibility to plaqueinduced gingivitis. Recently [55] (Scapoli et al. 2005) have demonstrated an association between IL-1RN polymorphism and subject-based clinical behaviour of the gingiva in response to de novo plaque accumulation, (as well as a possible association between IL-1 511 polymorphism and gingivitis susceptibility). In contrast, the results emerging from other studies on IL-1 polymorphisms in different ethnic groups [51, 54] and from a study on polymorphisms in TNFa, LT-A and IL-6 genes [56] seem to indicate that, if there is a role for any of these variants in the inflammatory process involved in gingivitis, it will be either population specific and/or may exert a minor effect on the clinical expression of plaque-induced gingivitis.
In both population studies and controlled clinical trials, some variables, such as smoking, body mass index, and hormone replacement therapy have been shown to influence concentrations of inflammatory mediators, but it remains unclear why some persons have consistently elevated systemic inflammatory responses [57] . It seems reasonable, therefore, to determine whether genetic differences contribute to the variance in inflammatory mediator expression and whether that genetic effect influences an individual's risk of chronic diseases. This information could then be used to develop approaches to reduce the morbidity of diseases of aging [58] .
Social smokers (no more than five cigarettes per day) were included in this study considering that social smoking is often identified with occasional and not everyday use and especially more often in social settings. This is in accordance with studies [59] considering that consuming less than 10 cigarettes per day is not a high risk factor for periodontitis development. Also the definition of smokers appears unclear in different studies [60, 61] . Nevertheless, it is always important to keep in mind that the self reported history may not be a reliable method to assess smoking exposure; probably biochemical tests to measure serum levels of metabolites of nicotine should be used instead [62] .
A remarkable finding from the present study is that the variations in clinical and GCF volume parameters differed between young and old subjects, suggesting that the periodontal tissues between groups responded differently to de novo plaque formation. Is therefore age a factor in differing susceptibility to experimental gingivitis or even more to chronic gingivitis? Brecx et al. (1987) [63] performed an experimental gingivitis study in 8 dental students (a group identical to our young adults) and reported that plasma cells occupied only 1% of the lesions. Differences in the cellular composition of the gingival lesions were also detected by Page et al. (1975) [64] in a study in young and old monkeys, and by [35] Berglundh and Lindhe (1993) who investigated developing gingivitis in young and old dogs. These observations were also confirmed by Fransson et al. (1996) [65] , who indicated that the composition of the gingival lesion at Day 21 was markedly different in young and old humans.
However, it is important to keep in mind that experimental gingivitis, an extensively studied model of gingivitis, is similar but not identical to chronic gingivitis in more natural settings. This was confirmed in the study of Deinzer et al. (2007) , [1] which compared cytokine concentrations (IL1b,IL-8) between experimental and persistent gingivitis conditions. The results of this study showed that subjects with different conditions (i.e. experimental and persistent gingivitis) were not comparable with respect to clinical parameters, IL-1 and IL-8. Although both conditions reflect the host's response to plaque bacteria, they differ in certain important aspects The authors raised the logical question as to what degree is the experimental gingivitis model comparable to more natural conditions where periodontal tissues are under the influence of persistent plaque, and if the immune response observed after 21 days of plaque accumulation is similar to that observed in persistent gingivitis.
In terms of our study, whereas clinical indices and GCF volume variations exhibit a distinct difference between the two groups (young and old subjects) that was not the case for the cytokine profile in GCF. As concerning the limits of the present study, it is important to notice that cytokines were not detectable in all sites and therefore the data presented on the scattered plots exhibited a wide range of deviation.
IL-8 is a pro-inflammatory chemokine produced by various types of cells upon stimulation, and is considered the most important mediator for the recruitment and activation of neutrophils [19, 20] . Plaque accumulation can possibly lead to an increase in the concentration and total amounts of IL-8 in GCF. In the present study, IL-8 levels in old subjects increased over the whole experimental period, an increase that was statistical significant between Days 0 and 21, but not between Days 21 and 28. In contrary, young adult subjects showed a decrease between Day 0 and 21which reached a statistically significant level at Day 28 when compared with both Days 0 and 21. Conflicting results on the association of IL-8 and the degree of inflammation have been also reported previously. On the one hand, an inverse relationship between IL-8 and PMN recruitment has been observed [66, 67] , as well as lower GCF levels of IL-8 in localized periodontitis as compared to healthy subjects [68] . On the other hand several other studies have suggested a positive relationship between GCF IL-8 activity and periodontal disease [22, 23, 69] . Based on the above, the results from our study cannot be used to demonstrate a distinct difference in the way that IL-8 levels vary between young and old subjects.
TNF-a and IL-6 have a central role in the immunopathology of periodontal disease. They are both produced by the same variety of cells, with macrophages likely to be the most important source of these mediators in the early stages of gingival inflammation [70, 71] , while TNF-a acts synergistically with IL-1b to stimulate gingival fibroblasts to enhance IL-6 secretion [72] . Also, in clinical healthy gingival tissues IL-6 and TNF-a are present at a low level. This means that cytokines are also prominent actors in normal tissue homeostasis [73] . In the present study, both cytokines were detectable for both groups at baseline, but there was no statistically significant difference in their levels, which could be attributed to the difference in age between the groups. During the gingivitis period (Day 0 to 21), TNF-a showed a statistically significant increase in the old subjects, while in the young subjects it did not reach a statistically significant difference. The opposite pattern was seen for IL-6, which showed a statistically significant increase only in young adult subjects. Interestingly, TNF-a levels continued to increase after professional cleaning and the re-establishment of oral hygiene procedures. This finding demonstrates that one week is probably not an adequate observation period for alterations in cytokine profile. The fact that in our study fluctuations in the levels of IL-6 did not change similarly to those of TNF-a, can be explained by the variety of different ways that IL-6 release is triggered from different kinds of cells [74] .
The results of this study showed that there are variations in the clinical parameters and gingival crevicular fluid volume levels between the young and old populations. However, it can be concluded that, within the limitations of the present study, age cannot be identified as a factor that strongly affects the cytokine expression and fluctuations, even in a well-controlled environment of inflammation, such as experimental gingivitis.
